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2+ present in lime water which was added to raise the pH of the growth 
medium also controls the accumulation and absorption of Hg and Cd ions. Bioaccumulation of Hg and 
Cd in B. monnieri reveals the phytoremediation potential while the bioaccumulation is hazards to 
health since the plant is highly medicinal and one important  ingredient of many Ayurvedic 
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Bacopa monnieri (L.) Pennell is a fast growing 
wetland species and is well adapted to thrive in 
polluted areas which receive regular flushing of 
sewage waste and industrial effluents. Lenka et. al., 
(1992)   reported   that  B.   monnieri  accumulate 
mercury in the roots and shoots of plants growing in 
the wetlands in the vicininty of Chloralkali industry. 
This plant has been recommended as an agent for 
phytoremediation (Sinha and Chandra, 1990, Sinha 
et. al.,  1996, Sinha, 1999, Yadav  et. al. 2005). 
Potential of B. monnieri to accumulate As, Cd, Cr, 
Cu, Fe, Hg, Mn, Ni, Pb and Zn has been reported by 
analyzing the quantities of these elements in the 
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naturally growing plants collected from different 
polluted areas of Kerala (Hussain et. al. 2010).
Mercury is a global pollutant that cycle through 
bacteria, air, soil and water as a result of natural and 
anthropogenic   activities   and   hence   plants   are 
directly exposed to this toxic heavy metal. Even 
though angiosperms have not yet been reported as 
tolerant to mercury (Lepp, 1981, Orcutt and Nilson, 
2000; Cseh, 2002) and no plant has been identified 
as mercury hyper-accumulator (Henry, 2000, Raskin 
and   Ensely,   2000),   considerable   absorption   and 
accumulation of mercury have been reported in B. 
monnerie (Sinha and Chandra, 1990, Sinha  et. al. 
1996),  Brassica jencea  (Moreno  et.  al.  2005a, b, 
2008). Chromolaena odorata is an accumulator of 
Hg and has been recommended as a phytoremediant 
(Velasco-Alinsug et al., 2005). 
Cadmium is a wide spread toxic heavy metal of 
geogenic and anthropogenic pollutant (Prasad, 1997; 
Salt et. al. 1998; Orcutt and Nilson, 2000. Perfus- 
Barbeoch  et.   al.  2002)   Phytoremediation   of 
cadmium has been effectively performed by Silene 
vulgaris (Joop et. al. 1994), Brassica juncea (David 
et.al.  1995,   Ishikawa  et.al.   2006,  Polygonum 
thumberhii (Shinmachi et. al., 2003) Potomegoton 
pectinatus  (Rai  et.   al.   2003)  Salia   viminalies 
(Mleezek et. al., 2009).
Bacopa monneri  has been used as important 
incredient of Ayurvedic system of medicine for 
centuries. Traditionally the entire plant is used as a 
brain   tonic   to   enhance   memory,   development, 
learning   ability,   concentration   etc.   and   the 
compounds responsible for pharmacological effect 
include alkaloids, saponins and sterols (Nair, 1987, 
Wohlmuth, 2001, Anonymous, 2004).
The   medicinal   use   and   heavy   metal 
bioaccumulation potential of B. monnieri are found 
to   be   paradoxical   because   consumption   of 
Ayurvedic medicines containing this species which 
accumulates considerable quantities of toxic metals 
may lead to serious health hazards. So the present 
study was undertaken to assess the potential of 
Bacopa monneri to absorb and accumulate mercury 
and cadmium by growing the plant in Hoagland 
nutrient   solution   artificially   contaminated   with 
different concentration of HgCl2 and CdCl2. Since 
pH of the nutrient solution is found to change the 
toxic   effect   of   Mercury   and   Cadmium   in  B. 
monnieri (Hussain, 2007) effect of different ranges 
of pH on bioaccumulation potential was another 
important objective of this study.
MATERIAL AND METHODS
Bacopa monnieri(L.) Pennell cuttings of 7-8 cms 
consisting of 5-6 nodes were collected from the 
medicinal   plant   collection   of   Calicut   University 
Botanical garden. Rooted propagules were planted 
in   Hoagland   solution   prepared   following   the 
modified method of Epstein (1972) as described by 
Taiz and Zeiger (1991). Three sets of experiments 
were   conducted   to   assess   the   bioaccumulation 
pattern   and   potential   of  B.   monneiri  towards 
mercury and cadmium.
Dose response studies by mercuric chloride and 
cadmium chloride
For the treatments with HgCl2 nutrient solution 
was   contaminated   with   three   concentrations   of 
HgCl2 (2, 5 and 10 µM) and based on dose- response 
studies conducted, about 50% growth retardation 
and reproducible responses were observed in 10 µM 
HgCl2. Similarly, three concentrations (10, 20 and 
30 µM) solutions of CdCl2 proved similar responses 
in   30   µM   concentration.   So,   10   and   30   µM 
concentrations   of   HgCl2  and   CdCl2  respectively 
were selected for the experiments. Plants cultivated 
in the Hoagland nutrient medium served as the 
control.
JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 7 No. 4 2011
41Heavy metal accumulation potential...
Good quality plastic containers of 12x8.5x3 cm 
were used for nutrient culture. Plastic wire of 1mm 
diameter was tied on the mouth of the container 
interweaving length-wise and breadth-wise forming 
a   mesh   to   provide   mechanical   support   to   the 
propagules.   Hoagland   medium   with   known 
quantities of HgCl2 and CdCl2 were within repaired 
contaminating rooted propagules were planted in the 
nutrient medium  by inserting through  the mesh 
without   disturbing   the   root   system.   The   gap 
provided underneath facilitated room for growth of 
root system. All experimental containers were kept 
under green house condition. 
Random sampling was followed to collect plants 
from ten replicate containers of each treatment and 
control at an interval of 2 days up to 12 days. 
Propagules collected were cut in to root, stem and 
leaf and were used for bioaccumulation studies of 
Hg and Cd.
Effect of additional supply of HgCl2 and CdCl2:
To study the effect of additional Hg and Cd 
content   on   growth   for   prolonged   period,   the 
schedule of treatments is given below (Table 1):
Table 1. Quantitative schedule of Hg and Cd treatments 
Treatment Concentratio
n
Interval - Days
 
HgCl2 10 µM
20 30 40 50
Quantity of Hg/Cd µg per container
500 600 700 800
CdCl2 30 µM 840 1008 1176 1344
Effect of pH on the accumulation of Mercury and 
Cadmium
Acidic pH
Distilled water was used as the growth medium 
because change in pH resulted in the precipitation of 
nutrients in the Hoagland solution pH was adjusted 
to 5.5 by adding known quantities of 1M NH4Cl 
solution, to distilled water and solutions of HgCl2 
and CdCl2, were added to the containers to obtain 
the concentrations 20 and 30 µM respectively. 
Alkaline pH
To distilled water, known quantity of calcium 
hydroxide solution was added to obtain alkaline pH 
(7.5). HgCl2/CdCl2 solution was added to get 10 and 
30µM respectively. Concentrations of Hg Hg
2+ and 
Cd
2+  added to growth medium under different pH 
are given below (Table 2).
Estimation of Mercury and Cadmium
Plant parts-root, stem and leaf tissues of  B. 
monnieri were sampled for analyzing Mercury and 
Cadmium   contents.   Samples   were   prepared 
according to the method of Allan (1969). Known 
weight   of   the   samples   were   wet   digested   by 
refluxing in 10 ml of nitric acid, and perchloric acid 
in the ratio of 10: 4 until the solution became 
colorless by using Kjeldhahls flasks heated in a sand 
bath and digest was analyzed to estimate mercury 
and   cadmium   by   using   Atomic   Absorption 
Spectrophotometer  (Perkin Elmer model Analyst 
300). All experiments were repeated a minimum of 
five times.
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Table 2. Quantitative treatments at different pH 
Medium pH Treatments and quantity given
Distilled 
water
6.8
HgCl2
(400µgHg)
CdCl2
(224µgCd)
HgCl2+CdCl2,
(400µgHg+224µgCd)
Acidic 
medium 5.5 do do do
Basic medium 7.5  do do do
Hoagland 6.2 do do do
RESULTS
During growth for 12 days, accumulation of 
mercury was maximum in roots followed by stem 
and leaves during all intervals (Fig. 1) Mercury 
accumulated in the root tissue remained unchanged 
during growth compared to the stem and leaf tissue 
which showed enhanced rate of accumulation. 
Accumulation of cadmium also was maximum in 
root   tissue   and   order   of   accumulation   was 
Root>Stem>Leaf. Cadmium content accumulated in 
the root was progressively increased during growth. 
Similar trend was seen in stem tissue and Cd content 
of leaf was very low. (Fig. 2)
When the plants were  exposed to additional 
doses 100µg each of Hg at an interval of 10 days 
each during 50 days, Hg concentration per plant was 
increased   Cd   proportional   to   the   content   given 
(Table 4). The quantity accumulated at each interval 
was approximately 25% of the total given in the 
medium. In the case of cadmium also more or less 
similar pattern of accumulation was observed (Table 
4). But the quantity accumulated was above 50% of 
the total given in the medium at each interval.
Effect of acidic (5.5) - and alkaline (7.5) pH 
showed   remarkable   differences   in   metal 
accumulation (Table  4). At  acidic  pH, mercury 
accumulation was more than the control and showed 
two fold increase compared to the alkaline medium. 
Propagules grown in acidic medium accumulated Cd 
content more than 8 times in comparison with the 
control whereas in alkaline medium, only very low 
quantity was accumulated (less than 1%). When 
mercury treatment was given in Hoagland nutrient 
medium (pH 6.0) accumulation was similar to that 
of the control and acidic pH whereas Cd content was 
significantly reduced compared to that of the acidic 
pH   but   was   more   than   the   control   (Table 
3).Combined treatment of HgCl2 and CdCl2 showed 
very low amount of Hg in all treatments and control 
whereas Cd content was reduced compared to their 
individual treatment. Similarly in alkaline and acidic 
media,   Hg   accumulation   showed   negligible 
difference whereas Cd accumulation in the acid 
medium   remained   unchanged,   but   in   alkaline 
medium   an   exorbitant   reduction   was   observed 
compared to their respective control. (Table 3). 
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Table 3 Bioaccumulation of Mercury and Cadmium in Bacopa monneri during 50 days of growth in 
different concentrations
Treatment  Concentration Interval 
(days)
Quantity given  Accumulation 
mg 
HgCl2 10µM
20 500 121± 4.6
(24.2)
30 600 164± 4.1
(27.3)
40 700 189± 5.2
(27.3)
50 800 204± 5.7
(25.5)
CdCl2 30 µM
20 840 409± 12.8
(48.6)
30 1008 491± 11.6
(48.7)
40 1176 508± 12.4
(50.3)
50 1344 565± 12.8
(49.9)
Values in parenthesis are percentage of accumulation 
Table 4 Effect of pH on mercury and cadmium uptake in B. monnieri during growth in different media 
(mg
-1 dry tissue)
Treatments Distilled water pH 6.8 Acidic pH 5.0
 
Basic pH7.5 Hoagland pH 6.2
HgCl2
 400µgHg Hg 54.00±1.03 68.88±.1.04 36.20±0.82 66.3±1.04
CdCl2
224µgCd
Cd 35.46±0.90 266.80±2.07 2.39±0.03 72.30±1.04
HgCl2 + CdCl2
400µgHg+
+224µgCd)
Hg 0.60±0.01 0.47±0.01 0.77±0.01 0.60±0.01
Cd 23.98±0.82 28.80±1.02 1.02±0.02 1.90±0.01
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Figure 1 Accumulation of Mercury contents in different parts of Bacopa monnieri treated 
with HgCl2 during growth. µg/g
-1 dry tissue(concentration) 
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Figure 2 Accumulation of Cadmium contents in different parts of Bacopa monnieri treated 
with CdCl2 during growth. mg/g
-1 dry tissue (concentration)
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DISCUSSION
During 12 days of growth under the simulated 
laboratory conditions, mercury content of root was 
almost uniform whereas stem and leaves showed 
significant (p<0.01) increase (Fig.1). The mercury 
uptake pattern of Bacopa monnieri is similar to that 
reported in  Chromolaena odorata  which has been 
recommended   as   a   phytoremediant.  (Velasco-
Alinsug et.al, 2005). About 40µg gram Hg g
-1 dry 
tissue of roots appear to be the thresholed level of 
accumulation to which the plant is tolerant and 
above this level, it may cause toxicity to root system 
as   suggested   by   Bauford  et.al,   (1977). 
Notwithstanding, Additional application of HgCl2 
and prolonged growth period exhibit proportionate 
increase in accumulation on per plant basis (Table 4) 
and   so   this   observation   indicates   the 
phytoremediation potential of B. monnieri Although 
no plant has yet been identified as natural hyper-
accumulator   of   Hg   (Henry,   2000:   Ruskin   and 
Ensley,   2000),   transgenic   plants   such   as 
Arabiidopsis thaliana, Liriodendron tulipifera  and 
Nicotiana tabacum  are reported to be capable of 
converting methyl mercury to Hg
2+ and are having 
the potential of phytoremediation in alleviating Hg 
polluted   areas   (Bizily  et.   al.,1997;   Rugh  etal., 
1996;1998).In the present study Bacopa monnieri is 
found to accumulate about 25% of the Hg content 
available   in   the   growth   medium.   This   is 
inconformity with views of (Sinha et al., (1996) and 
Sinha (1999) who recommended Bacopa monnieri 
as a plant for phytoremediation of metals such as 
Cd, Cr, Cu, Hg, Mn and Pb from contaminated 
water and wetlands. Nevertheless, this plant is not a 
hyper accumulator of heavy metals.
Bio accumulation potential of Bacopa monnieri 
towards cadmium is not similar to mercury on per 
plant basis. About 50% Cd present in the medium is 
absorbed during prolonged period of growth (Table 
4). Accumulation of Cadmium is also maximal in 
roots and this metal reported to be easily taken up by 
the roots and transported to the leaves since Cd
2+ ion 
are fast mobile in plants (Siedlecka and Krupa, 
1997). According to Sersen  et. al., (2005),  Maize 
plants grown in nutrient medium containing Cd is 
able   to   absorb   Cd   and   the   accumulation   is 
proportional to the availability of the metal. The 
accumulation pattern of Cd in the roots of Bacopa 
monnieri is almost in consistent with the views of 
Sersen  et. al.,(2005)  because Cd  accumulation is 
proportional to the increase of CdCl2 concentration 
in the nutrient medium. According to Sanita-di-
Toppi and Gabbrielli (1999) immobilization of Cd 
by binding to the cell wall is one of the causes of Cd 
hyperaccumulation in plants. Many plants such as 
Potamogeton   pectinatus  (Rai  et.al.,   2003) 
Arabidopsis   thaliana  (Perfus   –Barbeoch  et.   al., 
2002.  Phragmites   australis   (Ederli  et.al,   2004), 
Cannabis  sativa  (Linger  et. al.,  2005)  Brassica 
juncea (Ishikawa et. al, 2006) are reported as hyper 
accumulators of Cd. Eventhough most of the Cd 
accumulators   are  recommended   for 
phytoremediation (Pilon-Smits, 2005), translocation 
of Cd
2+ to rice grains causing health hazards have 
been reported recently by Tanaka et. al., (2007) 
Accumulation   of   Hg   and   Cd   by  Bacopa 
monnieri is dependent on the presence of other ions 
as well as the pH of the growth medium. The plants 
cultivated in distilled water containing HgCl2  and 
CdCl2 having the pH 5.5 showed a slight increase in 
accumulation of Hg (Table 4.). The accumulation of 
Cd was 8 times higher. The behavior of  Bacopa 
monneri towards pH changes in the absorption mode 
of Cd is in accordance with the findings of Hattori 
et. al., (2006) in Helianthus and Hibiscus where a 
doubling   of   Cd   uptake   was   occurred   by   the 
application of Cl
- to reduce soil pH. Accumulation 
of   Cd   is   reduced   exorbitantly   in   basic   pH   in 
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comparison with the pH 5.5 (Table 4). This may not 
be due to the effect of pH alone. The control of 
influx and /or antagonistic effect of Ca
2+ due to the 
addition   of   Calcium   hydroxide   to   the   medium 
cannot be ruled out in accordance with the view of 
Hough  et al., (2003) in wheat where liming to 
reduce   soil   pH   resulted   in   reduced   Cd  uptake. 
According to Kim et al., (2002) Ca
2+  inhibits Cd 
accumulation in rice roots by substituting Ca
2+  to 
Cd
2+ ions. Perfus-Barbeoch et. al., (2002) suggested 
that in Arabidopsis thaliana, CdCl2 induced stomata 
closure   by   controlling   Ca
2+  channels   of   plasma 
membrane of guard cells and Cd
2+  mimics Ca
2+ 
channels   and   enter   guard   cell   through   calcium 
channels.   According   to   Ried  et.   al.   (2003)   Cd 
accumulation in plants is due to many physical 
similarities between Ca
2+  and Cd
2+  in such a way 
that the ionic radius of Ca
2+ (9PM) and that of Cd
2+ 
(7PM) causes sharing of Ca
2+ channels with Cd
2+ for 
the absorption and translocation in potato tuber. 
Bacopa monneri plants grow wildly in wetland 
which naturally get contaminated with sewage and 
other waste water and considerable accumulation of 
Hg, Cd, Cr, Cm, Mu and Pb in naturally growing of 
Bacopa   monneri  plants   have   been   reported 
(Hussain-Koorimannil et.al. 2010) . This stimulated 
experimental   study   confirms   the   accumulation 
potential of this plant. Collection of  B. monneri 
plants from contaminated wetlands is a common 
practice of manufacturers of Ayurvedic medicines 
and food supplements and consumption of these 
products by human beings will lead to serious health 
hazards.
The effect of changing pH on the combination of 
HgCl2  and   CdCl2  treatment   reveals   significant 
inhibition of Hg uptake and partial control over 
CdCl2. The antagonistic effect Hg and Cd on one 
hand and that of Ca
2+ and NH4
+ on the other may be 
the plausible reason. In Bacopa monneri increased 
pH due to the addition of calcium hydroxide to 
nutrient medium control the entry of Cd
2+ through 
Ca
2+  channels and the overwhelming flux of the 
latter may be due to the similar ionic radius of Cd
2+ 
and Ca
2+ as suggested by ( Raid et. al., 2003). In this 
context, liming can be recommended as a measure 
against Cd
2+ and Hg
2+ absorption and translocation. 
On the contrary, reduced pH of the growth medium 
(5.5)   by  adding   NH4Cl   (chlorination)   results   in 
signified increase of Hg and Cd uptake (Table 4). 
CONCLUSION
The medicinal property and wide use of Bacopa 
monnieri  as   an   ingredient   of   many   Ayurvedic 
medicines and food supplements on one hand and 
the   bioaccumulation   potential   and 
phytoremedeiation   efficacy   on   the   other   are 
paradoxical. The absorption and accumulation of Hg 
and Cd is maximum at acidic pH and very low at 
alkaline   pH   by  B.   monneri  convey   that,   for 
medicinal   and   phytoremediation   purposes, 
cultivation   in   alkaline   soil/water   and   acidic 
soil/water respectively is recommended.
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